A questionnaire was sent to 75 mills in Canada requesting information on compliance in 1999 with respect to the toxicity regulation for liquid discharges. This regulation requires that at least 50% of rainbow trout and Daphnia magna survive in the discharge from the mill in toxicity tests. Of the 74 mills that responded, 81% and 74% reported no toxicity failures for process effluents in rainbow trout and Daphnia magna tests, respectively. For mills with infrequent or no toxicity episodes during the year (1 or 0 for trout; 1-4 or 0 for Daphnia magna), 89% and 92% of the mills met this criterion for trout and Daphnia magna tests, respectively. In addition to process effluents, 28 mills had separate cooling water discharges and, of these, ten experienced at least one episode of cooling water toxicity. Ammonia and accidental spills were most frequently cited by the mills as likely causes of process effluent toxicity. The most frequent causes cited for cooling water toxicity were chlorine and accidental contamination from other sources.
Introduction
In Canada, liquid discharges from all pulp and paper mills must meet regulatory toxicity limits. Under the federal regulations (Fisheries Act 1992) , the discharges must be tested full strength for acute lethal toxicity once a month with juvenile rainbow trout and once a week with the water flea Daphnia magna, using standard protocols (Environment Canada 2000a,b) . A discharge is considered "toxic" if at 100% concentration, less than half of the trout or Daphnia survive 96 h or 48 h, respectively. If toxicity is observed, then the frequency of testing increases to once a week for rainbow trout and three times a week for Daphnia magna until three consecutive tests meet the regulatory limit. Although two aquatic organisms are used for effluent testing, only the results of tests with trout are legally binding. Tests with Daphnia are required for monitoring purposes only.
Since 1995, Paprican has been conducting surveys with respect to regulatory toxicity compliance. The first survey for 1995 (Kovacs and O'Connor 1997) represented the last year before the full implementation of the new regulations and before many mills had installed effluent biotreatment systems. By 1996, effluents from virtually all mills in Canada were biotreated. The main objectives of the surveys were to track the sta-tus of regulatory compliance on a yearly basis and to look for possible relationships between mill operating conditions and effluent toxicity. The surveys were conducted by means of questionnaires sent to individual mills. This report summarizes the responses to the survey for 1999.
Methods
The questionnaire sent to 75 mills asked for information concerning operating conditions, the number of regulatory toxicity tests conducted with effluent/cooling water samples in 1999 and the number of tests that did not meet the regulatory toxicity limit. Cooling water discharges must meet the same regulatory toxicity limit as process effluents, if they are discharged separately.
The data on regulatory toxicity were compiled in terms of mill process, type of biotreatment and water usage. The mill processes were classified as mechanical (including thermomechanical pulping [TMP] , groundwood [GW] , bleached chemithermomechanical pulping [BCTMP], etc.), kraft (including bleached/unbleached kraft), chemical/mechanical complexes (including mills having both kraft/sulphite and mechanical plants) and paper/board/other (mills with no major pulping plant on site). The latter classification included recycling mills and mills producing corrugating medium, various grades of paper (e.g., newsprint, tissue) and roofing felt. The survey included 31 mechanical mills that produced mostly newsprint (many also had de-inking plants), 24 kraft mills, 9 chemical/ mechanical complexes and 10 paper/board/other mills. Regarding biotreatment, mills were classified as having aerated lagoons, air-activated sludge, oxygen-activated sludge and sequential batch reactors. The water usage of mills was classified according to effluent flows per tonne of product as <50 m 3 /t, 50 to 100 m 3 /t and >100 m 3 /t.
Results and Discussion

Final Mill Effluent Toxicity Results for 1999
For the 74 mills that responded to the questionnaire, 71 (96%) had secondary treatment, two had primary treatment only, and one mill had no external treatment (Table 1) .
Of the 74 mills, 19% (14 mills, all with secondary treatment) experienced at least one toxicity failure with rainbow trout and 26% (19 mills, 16 with secondary treatment and three without) experienced at least one failure with Daphnia magna (Fig. 1) .
For the mills reporting toxicity episodes, six of 14 mills had only a single failure for the trout test and 11 of 19 mills failed only one Daphnia magna test (Fig. 2) .
The data were re-evaluated, as shown in Fig. 3 , to differentiate mills with respect to "infrequent or no" and "more frequent" toxicity occurrences. For rainbow trout tests, toxicity occurrence for a given mill was considered infrequent if there was no more than one toxic episode. On this basis, only eight (11%) of the 74 mills had what could be classified as more frequent toxicity occurrences. Infrequent toxic occurrences for Daphnia magna were defined as one-four failures since the test frequency with this organism is four times that of rainbow trout. Only six (8%) of the 74 mills had what could be classified as more frequent toxicity occurrences for Daphnia magna.
For the 71 mills with secondary treatment, about 95% of the nearly 1000 tests with rainbow trout and nearly 99% of the approximately 4000 tests with Daphnia magna were in compliance (Table 2) . From this perspective, the regulatory performance of the mills can be considered extremely successful. 
Cooling Water Survey Results for 1999
Of the 74 mills, 28 had separate cooling water discharges that were subject to the toxicity regulation. Of these, ten (36%) reported toxic occurrences in rainbow trout and/or Daphnia magna tests for one or more cooling water discharges. Two mills reported toxicity episodes that involved both rainbow trout and Daphnia magna, and the cooling water discharge from eight mills caused toxicity only to Daphnia magna. The greater frequency of toxicity for cooling water may be the consequence of a lack of treatment of cooling waters at most mills. These waters are not thought to require treatment, as they typically do not come into contact with the mill process. However, any leaks or unwanted contamination could result in toxicity. As well, disinfection by agents such as chlorine can result in trout or Daphnia mortality (Kovacs et al. 2000) as these organisms are very sensitive to chlorine and its by-products.
Comparison of 1999 Results with Previous Survey Results
The level of compliance with federal toxicity regulations, in effect for all Canadian mills since 1996, has risen markedly for mill process effluents. In 1996, 64% of the mills participating in the survey experienced no toxic episodes in tests with rainbow trout (O'Connor and Voss 1998). As shown in Fig. 1 , in 1999 the level of full compliance increased to 81% for the mills responding to this survey. In Daphnia tests, the level of compliance was 72% in 1996 (O'Connor and Voss 1998) and it was similar in 1999 at 74%.
As indicated earlier, toxicity surveys were conducted every year since the toxicity regulation became effective in 1996. However, the mills responding to the questionnaires were not always the same. A direct comparison of the performance of 52 mills that always participated in the toxicity surveys between 1996 and 1999 is shown in Table 3 . Compliance with respect to regulatory toxicity involving rainbow trout has levelled off in the last two years at about 89% for no toxic episodes and at about 95% for infrequent or no toxic episodes. In the case of Daphnia magna, the trend is less clear from year to year, although, the greatest level of compliance was achieved in 1999.
Information on the toxicity of cooling water discharges was previously compiled only for 1998. At that time, four of 30 mills reported toxicity episodes in tests with rainbow trout and 11 of 30 mills in tests with Daphnia. The frequency of toxicity episodes dropped slightly between 1998 and 1999, although there are not sufficient data to establish clear trends.
Causes of Regulatory Toxicity Episodes
Of the 14 mills that discharged at least one effluent found to be toxic in tests with trout, eight reported what they thought to be the likely cause of the toxicity. Toxicity was attributed to ammonia in three cases, low dissolved oxygen in one case, process contamination by soap/slimicide/ black liquor in three other cases, and to the installation/optimization of a biotreatment system at one mill.
For Daphnia magna, nearly half of the mills experiencing at least one toxicity episode gave an explanation for a likely cause. Four mills attributed toxicity to effluent contamination (e.g., sanitary sewage, soap, black liquor), two mills had failures due to poor test or culture conditions at their respective contract laboratories, one mill attributed its toxicity episode to its wood supply, and another to elevated levels of ammonia.
For cooling water discharges, possible reasons for toxicity were given in 40% of the cases. The causes were reported as residual chlorine, hydrocarbons and zinc. Some mills take steps to eliminate residual chlorine in cooling waters whereas others do not treat these discharges thereby running the risk of toxicity (Kovacs et al. 2000) . The toxicity attributed to hydrocarbons was obviously the result of unwanted contamination while zinc toxicity was evident because the cooling water hardness was low. Metal toxicity increases with decreasing water hardness (Sprague 1990 ).
Relationship to Mill Operating Conditions
Final mill effluent quality depends upon multiple variables, including water consumption, mill process (e.g., kraft, mechanical) and types of biotreatment. As the effluent toxicity regulation is concentration-based, a reduction in water usage may concentrate effluent components and thereby possibly increase effluent toxicity. The nature and concentration of the effluent components of concern are also thought to be influenced by the mill process and type of biotreatment. While understanding that final mill effluent quality depends on multiple variables, we nonetheless wanted to see if any obvious trends were evident with respect to any of the three variables mentioned above.
There was no apparent association between the frequency of effluent toxicity and water consumption at the mill (Fig. 4) . However, the simple comparison made in Fig. 4 may be insufficient to fully understand the potential outcome of water reduction efforts. For example, mills that have started water reduction steps may be experiencing some mortality in toxicity tests compared to the time before those steps were initiated, even though the percent mortality is ≤50% so that the effluent still meets the regulatory toxicity limit. Nonetheless, further water reduction steps could then lead to toxicity episodes. As such, the relationship between water usage and regulatory effluent toxicity will need to be examined in greater depth in future surveys. For example, looking for a correlation may be more appropriate on a mill-by-mill basis, that is, in following what happens concerning effluent toxicity at individual mills undergoing water reduction steps. In addition, we need to make a distinction between new mills already employing leading-edge technology/water use strategies and older mills. Finally, we need to do assessments in which toxicity events caused by known abnormal operating conditions (e.g., inappropriate nutrient addition resulting in excess ammonia) are removed from the correlation analysis. It is intended that future surveys will incorporate such considerations.
Concerning the type of biotreatment (Fig. 5) , effluents treated with a sequential batch reactor (SBR) had a higher frequency of failures in trout tests than effluents from other treatments. This was not the case in tests with Daphnia. Mills with SBR systems have been observed to have greater toxicity failures in the past, although in 1996 this applied only for tests with Daphnia magna (O'Connor and Voss 1998). However, one also needs to be somewhat cautious in drawing conclusions because of the smaller sample size (n = 6) for SBR systems compared with aerated lagoon (n = 24) and activated sludge (n = 39) treatment systems. Among mill processes, effluents from kraft mills caused the lowest percentage of failures in trout tests (Fig. 6 ). In the case of Daphnia, the type of mill process did not greatly influence the percentage of effluents found to be toxic.
Summary
• The overall performance of mills in meeting the legal effluent toxicity limit in tests with rainbow trout has improved considerably between 1996 and 1999. In 1999, 81% of the mills responding to our questionnaire were in compliance, whereas in 1996, the level of compliance was only 64%.
• The overall performance of mills in meeting the toxicity limit for Daphnia magna has remained similar at around 70% between 1996 and 1999. • In 1999, ten mills reported toxicity in cooling water discharges as compared to 15 reported cases in 1998. • Ammonia and accidental spills were most frequently cited by the mills as likely causes of process effluent toxicity. The most frequent causes of cooling water toxicity were chlorine and accidental contamination from other sources.
• There was no apparent relationship between occurrence of effluent toxicity and mill operating conditions in terms of process (e.g., kraft), type of biotreatment or water usage, although a better understanding of the potential of reduced water usage on effluent toxicity will require a more extensive assessment in the future.
